This paper examines the differences in volume, volatility and liquidity in the underlying market during intervals when futures trade with those in which they do not trade using high frequency proprietary data. We find that although the bid-ask spreads decrease, this is not due to a fall in information asymmetries and a fall in the adverse selection costs. We find supporting evidence that the fall in the spread could be due to lower inventory holding costs as a result of lower depth when futures trade. We also find volatility to increase when futures trade accompanied by increases in trading volume supporting the scenario that institutional investors take large positions in both derivative and the underlying markets creating price pressures. This paper has indicated that market quality might not necessarily improve with futures trading, in contrast to the results of previous studies. This has policy implications for financial market regulators.
Introduction
The introduction of single stock futures in the various exchanges is a recent phenomenon. In the U. of why the emergence of SSFs has been delayed goes back to concerns that futures might have a destabilizing impact on the cash market via the provision of low-cost speculation opportunities, which allows institutional investors to take large positions in both the derivative and the underlying markets to take advantage of price discrepancies. This large volume in turn creates price pressures in the underlying security and increases its volatility. The higher stock market volatility, a perception of higher risk, can potentially raise the cost of capital and have a negative impact on the economy.
1 Futures trading can also have a negative impact on the liquidity of the stock market if enough liquidity-motivated traders are attracted to the futures market, which may reduce the liquidity in the stock market and increase specialist's inventory-related costs (see e.g. Stoll, 1978a Stoll, , 1978b . In this case, stock dealers will be motivated to increase the spreads for the underlying stock.
The purpose of this paper is to examine the impact of SSFs on the microstructure of the underlying stocks using high frequency proprietary data. We perform an experiment and examine whether the behaviour of the underlying stock, its volatility, liquidity and order flow change when futures trade using one minute intervals. So we will examine how the behaviour of underlying stocks changes if during the one minute interval there was trading in the future of that particular stock. Such detailed analysis has never been done before and will enable us to gain greater insights into the dynamics of the two markets, and more specifically on the changes in market quality of the underlying stock, when the stock is traded in the futures market at the same time.
Our experiment is based on 11 futures contracts in the Greek capital market. Single stock futures contracts were introduced in Greece in August 1999. Their introduction coincided however with a slowdown of the cash market, and that raised various questions at the time relating to the impact of the futures contracts on the liquidity and volatility of the cash market. This provides an additional motivation for our examination into the impact of futures on the cash market.
We show that the previously documented improvement in market quality of the underlying stocks following derivative listings in terms of a decrease in bid-ask spreads and increases in the number of contracts the specialist is willing to trade at the quoted prices (quoted depth), and decreases in volatility and increases in volume and transaction size, do not carry over to the impact of SSF on the underlying stock using high frequency data. Our results show that although bid-ask spreads decrease, this is not due to a fall in information asymmetries. We find that the adverse selection component of the bid-ask spread applying the method developed by Huang and Stoll (1996) and Bacidore and Sofianos (2002) , does not decrease when futures trade. The decrease in the bid-ask spread could be due to lower inventory risk as a result of dealers providing lower depth. Indeed, we find that futures trading when it impacts on the market depth of stocks has a negative effect supporting our conjecture that the fall in the spread could be the result of lower inventory holding costs.
Furthermore, we find volatility increases when futures trade. This suggests that at the margin, futures trading has an effect of increasing price movements in the underlying security. As mentioned above, this increase in volatility could be the result of institutional investors taking large positions in both the derivative and the underlying markets, increasing trading volume and creating price pressures in the underlying security. Indeed, we find an increase in trading volume when futures trade supporting this scenario.
The paper is structured as follows. The next section reviews the literature. Section 3, describes the data, while Section 4, provides the empirical results on the impact of future trading on various dimensions of market quality of the underlying security:
intra-day trading volume (and its components that include trade size and number of trades), volatility, bid-ask spread and quoted depth, and adverse selection component of the spread. Section 5 summarizes and concludes the paper.
Review of Literature
Although the arguments given earlier support the view that the existence of speculators in futures markets may have destabilising effects, there are arguments which support an alternative view. If informed trading is skewed toward futures markets because informed traders view futures as superior speculative vehicles, 2 then dealers' anticipated losses from informed traders will decline (reducing adverse selection costs), thus providing an incentive to reduce the underlying stocks' quoted spreads (see e.g. Glosten and Milgrom, 1985) . Spreads might also be lowered and liquidity in the underlying market might improve through the reduction of the market maker's inventory costs, since futures provide a mechanism for hedging their inventory position (see Silber, 1985) .
Finally, futures may improve the efficiency of the underlying market by increasing the level of public information in the market. Specifically, the marginal benefit of becoming informed after the introduction of futures is greater given the superiority of futures as a speculative vehicle. This increase in marginal benefit results in greater information search by traders. In turn, this increase in public information lowers information asymmetry, lowers the spread, improves liquidity, and reduces the variance of the pricing error, thereby making the underlying market more efficient.
2 This superiority of derivatives stems from the relatively low transactions costs of establishing a derivatives position, due to the trading on the margin, which offers leveraged positions, the ease of closing out the position and cash settlement, rather than physical delivery as in the case of cash securities, and by the fact that one can take a bearish position in a derivative without being subject to short sale restrictions which exist in the stock market (see John, Koticha, Narayanan, Subrahmanyam, 2003) .
Numerous studies have been written, which examine the impact of derivatives market on the underlying market. 3 On the whole the evidence shows that market quality of the underlying stocks improves. For example, Kumar, Sarin and Shastri (1998) examine 174 options using an event methodology and daily values, which are the weighted average of all relative values in a day, and conclude that the introduction of options is accompanied by decreases in stock volatility, bid-ask spread and information asymmetry and increases in quoted depth, trading frequency and transaction size. In a more recent study, Shastri, Thirumalai and Zutter (2008) confirm those results by concentrating on SSF and their impact on the underlying stock. They use 137 single stock futures traded on the OneChicago exchange and whose underlying stocks are listed on the NYSE and NASDAQ over the period January 2003 to July 2005. They examine on the one hand, the effects of futures trading on information revelation in the underlying stock by examining whether futures market contributes significantly to price discovery in underlying stocks using the Hasbrouck (1995) methodology, and on the other hand, they examine whether the underlying stock market quality improves with futures trading. They perform a pre and post SSF listing analysis and compare market quality during periods with and without trading in the SSF's market. They find that futures trading contributes to price discovery in their underlying stocks and market quality in terms of volatility and bid-ask spreads improves.
Our study extends the earlier literature in several ways. As in Shastri, Thirumalai and Zutter (2008) , it concentrates on SSF and explores the impact on market quality of the underlying stock. Earlier work on futures has been contacted on the trading of market wide instruments such as index contracts. Effects however, can be dissipated across the many constituent assets of an index making it difficult to detect the impact of the derivative market at the single stock level. Most importantly our study uses high frequency data, which provides greater insight into the dynamic behaviour of the two markets. It also gets away from the event methodology and the pre and post analysis, and compares stock price dynamics in periods in which futures on the stock trade, 3 See Damodaran and Subrahmanya (1992) for a review of the studies, which examine the impact of options on underlying securities, and Mayhew (1999) for a review of both options and futures on underlying securities. Subsequent work includes Sorescu (2000) .
with that in periods in which market participants choose not to trade in the futures. It uses Jones, Kaul and Lipson (1994) definition of a non-trading period as one in which the markets are open but traders endogenously choose not to trade.
Data
Our sample consists of eleven stocks, which are listed on the Athens Stock Exchange and had futures contracts in the Athens Derivatives Exchange during our sample period. 4 All stocks with futures contracts are included in our sample. The eleven stocks and some descriptive statistics are shown in Table 1 In Table 2 and Figure 1 , we present some information on the relative frequency of intra-day trading for futures and stocks. We split the trading day into five one hour periods starting at 11:00 o'clock, the beginning of the trading day, to 16:00, the end of the trading day. We find for each one minute interval whether there was futures trading. We examine the trading frequency of the stock in the cash market during each one hour period for intervals when there was future trading and for intervals when there was no future trading. We report the following information: We can make the following observations: First, the average RTF for futures ranges from about 16% (average for the hour intervals) for HTO to about 2.5% for COSMO.
Secondly, The RTF for futures exhibits a U shaped pattern with the lowest percent during the interval 14.00-15.00. Thirdly, the RTF for stocks when future trade are substantially higher compared to those when futures do not trade for all 11 stocks and for all one hour periods. Finally, the RTF for stocks when futures do not trade also exhibit a U shaped pattern. The U-shaped patterns confirm the market closure theory developed by Brock and Kleidon (1992) and extended to derivatives market by Daigler (1997) . In this model the liquidity demand from traders for rebalancing their portfolios before and after market closures creates larger bid-ask spreads at the open and close as well as U-shaped patterns in volume and volatility. In the extended model the market makers close their position before the market closes for the day.
Arbitrageurs need to match their futures trades with trades in the underlying assets;
cash market dealers often hedge their inventory with futures just before the futures market close. These activities imply that the opening and closing time for both the underlying and futures markets will have large volume and large volatility.
Empirical Analysis

The Impact of Futures Trading on Liquidity of the Underlying Stock
In this section, we examine the impact of futures trading on two measures of liquidity, bid-ask spread and quoted depth. If futures trading improves market quality of the underlying asset, then we should observe both a decrease in the bid-ask spread and an increase in depth. As Lee, Mucklow and Ready (1993) show an observed change in either the spread or the quoted depth without any associated information on the behaviour of the other parameter, is an ambiguous signal for inferring changes in liquidity.
The Impact on Bid -Ask Spreads
To examine the impact of futures trading on the underlying stock's bid-ask spread we adopt Mclnish and Wood (1992) and calculate the weighted average bid-ask spread.
We first calculate for each stock the relative bid-ask spread defined as the difference between the ask and bid prices divided by the average of the bid and ask prices for every quotation in a particular time interval. We then calculate the weighted average bid-ask spread where the weight for each quotation is the number of seconds the quotation is outstanding divided by the total number of seconds for which all quotes are outstanding in that interval. We present information for intervals when futures trade and for intervals when futures do not trade. We test whether the difference in the bid-ask spread between periods in which futures trade and periods in which futures do not trade is statistically significant using the Wilcoxon rank test.
The results are reported in Table 3 . In seven of the stocks there is a reduction in the spread in intervals when futures trade compared to when futures do not trade, but in two of them the difference is not statistically significant. In the rest, there is an increase in the spread, but in one of them the difference is not statistically significant.
These mixed results could be due to other factors affecting the spread such as stock volatility and transaction volume. High trading volume implies greater flexibility to the market to offset inventory imbalances and therefore should result in a lower spread. A larger return variance entails higher inventory risk as well as greater potential profits for informed traders and therefore implies higher spreads. the bid-ask spread in the spot market. Based on the earlier discussion we will expect
We performed a Hausman test to test the consistency of OLS estimates. 6 In every case we reject the hypothesis that the OLS estimates are consistent. We thus proceed to estimate the regression using Two Stage Least Squares to take into account the possible endogeneity. We use lagged values of the independent variables as instruments. The results are shown in Table 4 . We present the results when using squared returns as a measure of volatility. It should be noted that adjusted R 2 is not valid for regressions using instrumental variable technique and thus is not presented.
All coefficients have been found to be statistically significant with very few exceptions regarding spot volume. Even in those cases, when using other measures of volatility (described in the next section) a statistically significant coefficient was 5 For a theoretical investigation into the determinants of spreads see Stoll (1978a) ; for empirical evidence see Mayhew, Sarin and Shastri (1995) , Kumar, Sarin and Shastri (1998) . 6 To carry out the Hausman test we follow Davidson and MacKinnon (1993) and run two OLS regressions. In the first regression, we regress the spot volume on all exogenous variables and instruments and retrieve the residuals. In the second regression, we re-estimate equation (1) We also tested the robustness of our results using instead of a dummy variable, which takes zero one value, a dummy variable which is equal to the trading volume in the futures market for the intervals that there is futures trading and zero otherwise. This can be considered as a multi-step dummy variable. Once again the results confirmed the negative impact of futures trading on the bid-ask spread.
We test in the next section whether indeed the fall in the bid-ask spread is due to a reduction of information asymmetries and a reduction in the adverse selection component.
.
Decomposition of the Spread
We follow Huang and Stoll (1996) and Bacidore and Sofianos (2002) Our results are contrary to our expectations. We find the adverse selection component to be less when there is futures trading for only 2 of the stocks and the difference with when futures do not trade to be statistically significant only at the 10 percent level. In 5 of the stocks the adverse selection component does not change at all, and in 4 of the stocks the adverse selection component is greater when there is future trading (see Table 5 ). For example, for HTO, it is 10 percent when futures trade and 8% when futures do not trade. Similarly, for ETE, it is 9.6% when futures trade and 6.6% when futures do not trade. This is contrary to our expectations that the lower bid-ask spread when futures trade is due to lower information asymmetries. This conclusion we hope to confirm when we control for other variables, which might affect the adverse selection component. The higher adverse selection component found for some of the stocks could be the result of well diversified uninformed traders being drawn to the futures market so that the proportion of potentially informed traders in the underlying stock market increases. 8 Thus, the lower bid-ask spreads when futures trade found previously may be due to lower inventory holding costs, lower processing costs, or lower excess profits. 9 It could be that dealers provide lower depth and as a consequence take lower inventory risk. We explore in the next section the impact of futures trading on quoted depth.
Impact on Quoted Depth
According to Lee, Mucklow and Ready (1993) bid-ask spread and quoted depth jointly describe market liquidity and increases in depth are associated with improvements in liquidity. Depth is defined as the number of shares a market maker is willing to purchase or sell at the quoted bid-ask prices. We calculate the weighted average depth using the same technique as that used for the estimation of weighted bid-ask spreads. We present information for intervals when futures trade and for intervals when futures do not trade.
Results show that quoted depth is statistically significantly higher in intervals with futures trades in 8 of the 11 stocks (see Table 3 ). In one of the other cases no difference was found between intervals when futures trade and intervals when futures do not trade, and in the other two there was a fall in the quoted depth, which was marginally significant. As for the bid-ask spread we then check the robustness of our results by running the same regression as for bid-ask spreads and controlling for spot trading volume and spot trading volatility and include a dummy variable (futures trade), which takes the value of one for the intervals for which there is futures trading and zero otherwise. Results are presented in Table 6 . All coefficients have been found to be statistically significant. Spot Trading Volume increases depth and spot trading volatility reduces depth. Surprisingly, we find futures trading not to have an impact on quoted depth in half the cases and in the other half to have a negative impact. That is futures trading reduces depth when it has an effect. Dealers provide lower depth and as a consequence take lower inventory risk. Thus, our results provide support for the conjecture that lower bid-ask spreads during futures trading are due to lower inventory holding costs and are not an indicator of an improvement in liquidity.
The Impact of Futures Trading on the Volatility of the Underlying Stock
In this section, we explore the impact of futures trading on the volatility of the underlying stock. It is not clear whether the impact should be positive or negative.
One argument supports the view that futures trading raises volatility through the provision of low-cost speculation opportunities (see e.g. Harris, 1989; Stein 1989) .
On the other hand, the introduction of futures results in a decrease in volatility.
Futures trading may lead to more complete markets, which enhance information flows and improve investment choices facing investors. Futures contracts allow for new positions and expanded investment sets, or enable existing positions to be taken at lower costs. Futures trading may bring more information to the market and allow for quicker dissemination of information. In addition, futures contracts facilitate hedging so that less reliance is placed on spot hedging strategies. The transfer of speculative activity from the spot to the futures market may also dampen spot market volatility.
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Empirically the earlier evidence is also mixed.
11 More recent studies however, such as Kumar, Sarin and Shastri (1998) and Shastri, Thirumalai and Zutter (2008) confirm a decrease in volatility.
In our paper we use four measures of volatility as in Lee, Ready and Seguin (1994) .
These measures are described below:
(i) Squared Return: the square of the return in a time interval, where the return is computed as the difference between the last trade price before the interval and the last trade price in the interval.
(ii) Absolute Return: the absolute return is the absolute value of the return computed similarly to (i).
(iii) Price Range: the absolute difference between the highest and the lowest price.
(iv) Number of Quote Revisions: the number of revisions to the mid-spread (midpoint between the bid and ask prices) of the specialist's quote.
We estimate these measures for periods in which futures trade and for periods in which futures do not trade. The results are presented in Table 7 . Table 8 .
All coefficients are statistically significant. Spot trading volume exerts a positive impact on stock trading volatility. However, we find for all measures of stock trading volatility that futures trading has also a positive impact on stock trading volatility.
Thus, futures trading increases volatility of the underlying market at the margin. Our result supports the view that futures trading might be destabilising the market through the provision of low cost speculation and increasing information asymmetry in the underlying stock.
As in the previous analysis for other measures of market quality we tested the robustness of our results using instead of a dummy variable, which takes zero one value, a dummy variable which is equal to the trading volume in the futures market for the intervals that there is futures trading and zero otherwise. Once again the results confirmed the positive impact of futures trading on volatility. This increase in volatility could be the result of institutional investors taking large positions in both the derivative and the underlying markets, increasing trading volume and creating price pressures in the underlying security. In the next section, we examine whether in fact futures trading increases trading volume in the underlying security.
The Impact of Futures Trading on Transaction Volume, Transaction
Frequency and Transaction Size for the Underlying Stock
We have argued earlier that futures trading can provide additional information about the underlying security. This suggests that trading activity in the futures market should have an impact on the order flow in the underlying security. We calculate for each stock separately the mean value of each measure of order flow (transaction volume, transaction frequency, transaction size) across all intervals in which futures trade and for intervals for which futures do not trade.
The results are presented in Table 9 . As in the previous exercises we report values for each order flow measure when futures trade (column 2) and when futures do not trade (column 3). In column 4 we report the difference between these values and in the last two columns we test the statistical significance of the difference using the Wilcoxon signed rank test.
The following points can be made. For all the stocks trading volume in the underlying stock in terms of both value and shares is significantly higher when there is futures trading. The difference is statistically significant, with a very low p-value for a t-test (Wilcoxon signed rank test). This increase in transaction volume is driven by increases in both transaction frequency and transaction size. These conclusions are not only valid for average values over the whole period, but for the whole trading day as shown in Figure 2 for one of the stocks (HTO). The rest of the stocks have the same results. It is interesting to note that each measure follows a U shaped pattern.
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Conclusion
In this paper, we explored the impact of futures trading on the underlying stock by contacting an experiment of comparing market quality for intervals when futures trade with intervals when futures do not trade using high frequency proprietary data at the single stock level. Our results show that although the bid-ask spreads decrease, this is not due to a fall in information asymmetries. We find that the adverse selection component of the bid-ask spread does not decrease when futures trade. We find supporting evidence that the fall in the spread could be due to lower inventory holding costs as a result of lower depth when futures trade.
We also find volatility to increase when futures trade. This could be the result of institutional investors taking large positions in both the derivative and the underlying markets, increasing trading volume and creating price pressures on the underlying security. Indeed, we find an increase in trading volume when futures trade supporting this scenario.
In summary, our study of futures trading at the single stock level and at high frequency does not corroborate the results found by earlier studies, which have concentrated on lower frequency data and at the index level and applied a pre-post futures trading investigation. This paper has indicated that market quality might not indeed improve with futures trading. This has policy implications for financial market regulators.
12 Results using median values are qualitatively similar (can be made available by the authors). To calculate the weighted spread we first calculate the relative bid-ask spread defined as the difference between the ask and bid prices divided by the average of the bid and ask prices for every quotation in a particular time interval. We then calculate the weighted average bid-ask spread where the weight for each quotation is the number of seconds the quotation is outstanding divided by the total number of seconds for which all quotes are outstanding in that interval. Quoted depth is defined as the number of shares a market maker is willing to purchase or sell at the quoted bid-ask prices. (Spot spread) is the weighted average bid-ask spread. We first calculate for each stock the relative bid-ask spread defined as the difference between the ask and bid prices divided by the average of the bid and ask prices for every quotation in a particular time interval. We then calculate the weighted average bid-ask spread where the weight for each quotation is the number of seconds the quotation is outstanding divided by the total number of seconds for which all quotes are outstanding in that interval. (Spot volatility) is the squared return in the spot market; (spot volume) is the value of trading and (futures trade) is a dummy variable, which is equal to one for intervals for which there is futures trading and zero otherwise. P-values estimated using heteroskedasticity consistent standard errors and are given in brackets. Regression is estimated using TSLS and instruments the lagged values of independent variables. * When using other measures of volatility spot volume was found to be negative and statistically significant.
HTO
Table 5: The impact of futures trading on adverse selection component
The adverse selection component of the spread is measured as the difference between the effective and realized spreads. The effective spread is calculated as twice the absolute value of the difference between the trade price and the mid-quote at the time of the trade. The realized spread is calculated as twice the difference between the trade price and the mid-quote prevailing T minutes after the trade, multiplied by -1 if the trade is seller-initiated. A trade is considered seller-initiated if the trade price is below the quoted midpoint. We set T equal to 30 minutes. All spreads are standardized by the mid-quote at the time of the trade and are expressed in percentage terms. (Spot quoted depth) is the the number of shares a market maker is willing to purchase or sell at the quoted bid-ask prices, weighted by the number of seconds the quotation is outstanding divided by the total number of seconds for which all quotes are outstanding in that interval; (Spot volatility) is the squared return in the spot market; (spot volume) is the value of trading and (futures trade) is a dummy variable, which is equal to one for intervals for which there is futures trading and zero otherwise. Pvalues estimated using heteroskedasticity consistent standard errors and are given in brackets. Regression is estimated using TSLS and as instruments the lagged values of independent variables. 
